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(54) (57) CnOCOB nGJiyHEHHfl APMHPOBAH- 
HblX nilACTHKOB Ha ocHose CTeicnoBonoK- 
HKCToro HanoJtHHTenH h noJiH^npHoro? 
CBHsyromero nyTeM HanuneHHH Ha ct€H— • 
kh 4iopMbi Hano/iHHTenH h CBflaywmero 
c nocjieAywmHM KantfneiweM nnijeBoro 

CJIOH, OTJlH^aiOtUHftCH TeM f 

wto, c uanbio yMeHbmeHKH BOSAyUHbDC 

B KJ1KW e HHft , nOBblUleHHH OAHOpOAHOCTH 

MarepHajia h ynpomeHH* TexHonornH 
ero HaroTOBjieHHH, Bee onepauHH 
QcymecTBiiHwr b sakyyMHbft/. KaMepe, 
rAe AasjieHHe cocTaBJineT 5-25Z or \ 
aTMoc4>epHoro. ... 
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HaofipeTeHHe othochtch k cnocoOy 

nonyweHH* apMHpoBaHHbix njiacTHKos 
na ocKOBe GTejcjioBOJioKHHCToro Hanon- 

HHTejTH H nOJlH34)HpHWX CMOJ1. 

HSBeCTHbl CnoCOOw H3rOTOBJieHHH 

apMHpoBaHHbrx n/iacTHKOB nyTeM HaHe- 
ceHHH HcxoAHbix MaTepHandB H3 CTeH- 

KH (fropMbl MeTOflOM HanWJieHHfl HJTH Me- 

toaom "pesHHOBoro MeDica" (noA AaB- 
jieHH€M h b BaKyyMe) [tj , 

OAHaKo npH ocym^cTBJieHHH AaHHwx 
cnbcoCoB HarrbineHHe hcxoahmx MaTepna- 
Jiob npowcxoAHT npH aTMoefcepHOM AaB- 

JieHHH, 

OAHa H3 npoOjieM, npHcymnx cnoco- 
6aM pacnbineHMH - HaneceHHH, ocy- 
n^ecTB/iHeMMM b oxpyacaiomeH aTMoc4>e- 

pe COCTOHT B TOM, WTO B CJlOHCTblA 

MaTepnan nonaAaeT SHawHTenbHoe ko- 
JiHHecTBo B03Ayxa. B pesyjibTaTe Tpe- 
CyrorcH AHHTOribHwe h TpyAoeMKHe ohepa- 

AHH A**. npHAaHHH CJlOHCf oMy MaTe- 

pnany eoJibKieft oahopoahocth. Hec- 
MOTpfl Ha noaneAyiomyio o6pa6oricy 
b c/iohctom MaTepwane ocTaeTcn 
^ojibmoe KOJiOTecTBo BosAyxa h sto 
Bbi3biBaeT npoHHKHOBeHHe cnarH b cno- 
hctmr MaTepnaji h ocnaCneHne ero xh- 
MH^ecKOH h MexaHHyecKoft npownocTH. 

HaHOojiee ojihskhm k HsoopeTeHwo 
no rexHH^ecKoft cynjHoCTH h AocTiirae- 
MOMy sWeKTy HBjineTCH cnocoC nsroTOB-. 

JieHHH apMHpOBaHHOro CTeiOlOBOnoKHOM 

'cjioHCToro MaTepHana Ha ocHoBe cHHTe- 35 

THMeCKHX CMOJ1 C IIOBepXHOCTHMM ROK- 

PbiBHbw cnoeM Ha noJtH34)Hpa . Cno- 
co6 npeAyCMaTpHsaeT HsroTosneHHe 
ocHOBbi MaTepnana paanHWHbiMH cnoco- 
6aMH h, b wacTHocTH, nyTeM BaxyyM- 40 
Horo <fropMOBaHHH, nocjie Mero ocho- 
ey yAa/iHioT na ycTpoflcTsa ahh Ba- 
xyyMHoro <J>opMOBaHHH, k nocneAyromHH 
npouecc HaHeceiiHH nojiH3*HpHoro cnon 
nyteM HanwnenHH ocymecTBnneTCH npn 45 
aTMOCdjepHOM AaBJieHHH [2^. ' 

y • HeAocTaTxoM . HssecTHoro cnocoSa 
xBTineTCH to, WTO b npon,ecce Haro- 
TosneHHH b MaTepHan nonaAaeT B03- 
Ayx, cjieACTBHeM tiero JwnxeTcn neo6- 
xoAHMocTb flanbHcftioero BanbueBaHH* 
MaTepHana/ 

CTaAHH sajibAeBaHHH MaTepnana He- 
GnaronpHHTHo CKasbmaeTCH Ha MexaHH- 
necKoft nppwHocTH KOHewHoro komOh- 
HHpoflaHuoro MaTepnana 'a Tarae Ha 
P.acnpeAeneHHH CTexnoBonoKHa n hcm, 
nocKOJibxy npn BOJibue»aHHH nponcxo- 
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Aht nepeMemeHHe bojiokoh b hhxhwjo 
wacTb KOM6HHHpoeaHHoro MaTepHana. 

HcKJtwwHTb onepaiwo BajibA'eBaHHH, 
KoTopan noMHMo Helena Ten bHbix 3<JxJ>eK — 
5 tob Ha cTpyKTypy koh e^Horo MaTepHa- 
na caMa no ceOe pt bji JieTcn AJiHTenb- 
hoh ri, cooTBeTCTBeHHo , yAopoBcawcueH 
TexHonorHHecKHH npouecc, HBjineTcn 

OAHOH H3 3aAaU H3o6peTeHHH, 

Uenb H3 P 6peTeHHa - yweHbmeHHe bos- 
AymHbix BKnw^eHHft, noBbnueHHe oahopoa- 
hocth nonytiaeMoro MaTepnana h ynpo- 
meHHe TexHonorw ero HsroToaneHH* . 

nocTaBneHHan uejib AocTwraeTcn 
TeM,t, TO corjiacHo cnoco6y nonyweHHH 
apMHpOB aHHbix miacTHKOB Ha opuoBe 
CTeicnoBonoKHHCToro HanonHHTeji^j h 
nonH3(J>HPHoro CBH3ywmero nyTeM Ha- 
nbuienH* na ctchkh *opMbi KanojiHHre- 
Jih h CBHsywiuero c riocneAyioinHM Hanbi- 
JieHneM JiHAeBoro cno^, see 'onepaiuiH 
ocymecTBnntoT b BaKyywHow icaMepe, me 
AaBneHHe cocTasnneT 5-25% ot aT- 
Moc4jepHoro, 

BnaroAapn npoBeAenmo npouecca 
b ycnoBHHx BaKyywa h Hanntinw noEepx- 
HocTiioro cjioh, np eAOTBpamawmero npo* 

HHKHOBeHHe BOSflyxa, "paKOBUHbl 1 ' H 

, nyatipbicH 11 , 0epa3OBaBniHecH b npo- 
uecce npHro^oBneHHn HSAenHH, pa 3 py- 
maioTCH,KaK TojibKo CJioHCTbift MaTepH- 
an noAoepraeTCH neHCTBHio BosAyxa, 
HaxoAHiuerocH npw aTMoc4)epHOM AanneHHH, 
nocne nonyvieunn cnoHcToro ' MaTepna- 
na, 

' CnocoC MO^eT o MTb ocymecxaneH 
c noMombio nonHocTbio aBT0MaTH3HpoBan— 
Horo ycTpoftCTBa,iiTo no cpaBHeHHw c 
HSBecTHWMH paCoHHMH TexHonorKHMH npn- 

boaht K COKpameHHK) BpeMeifH npOKSBOA- 

CTBa npKMepno Ha 10-25% ot speMeHH, 
TpeGywmerocH npn pa6 0 Te no TpaflHAHoH- 
HbJM TexHonorHHM, 

'HapHAy c ynyquienneM sxoHOMHtjec- 
khx noKasarertcfl 1 ocymecTBneHHe npe fl - 
JiaraeMoro cnocoOa hphboaht k one- 
Ayron^M AononHHTenbHbiM npeHMyiqecTBa Mt 

CnoHCTbift MaTepHaji, coctoho^hh hs 
nonH3d,Hpa h CTeKnosonoKHa, nsnneTCH 
C5onee KOHKypeiiTno-cnocoOHbiM b oonac- 
thx, rAe no coo6pa)iceHHHM ctohmocth 
ok AO HacTOHD^ero epeMeHH He Cbm 
cnoco5en KOHxypMpoBaTb , ynynureHHe 
KawecTBa nonyweHHoro cnoHCToro Ma- 
TepHana BM3BaH o ynyqmeHHeM MexaHH- . 

HeCKHX CBOHCTB H yCTOHMHBOCTH K 

at5cop6uHH boam. Kor A a cjioHCTyw CTpyK- 
Typy nonywawT C noMombio aBTOMaTH- 
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HeCKHX yCTpoftCTB HJIH YiyTeM KOHTPO- 

jiHpoBEHHoro pacnbineHHH n P H m ac thhhom 
BaxyyMe, cnoHCTwfl MaTepnan cTaHo- 

BKTC* B YAOBJieTBOpHTeJlbHOft CTeneHH 

CB060AHUM ot BoaAyxa h nop, 3to, 
HanpHMep, coxpamaeT CTOHMOCTb noc- 
ne^ywrnHx BcnoMoraTenbHbix oOpaCoTox, 
Tpet5ywm«xcH b HacTonmee bpcmh • IIpw- 
qeM, ycTpaHHWTCH Bee py^Hbie paCoTbi, 
Tax xax npouecc noJiHocTbio . mojkbt 
.6brrb npose^eH c noMonibK) aBTOMa-' 

TK^ieCXHX yCTPoftCTB B repMCTHHHbDC . _ 

xaMepax npH magthmhom BaxyyMe (95Z>; 

B QTHomcuHH. oxpywawmett cpeA« 
cnocotf HBJiHeTCH- 6onee BbiroAHWM, Tax 15 

XaX HCXJTTOHaeTCH HeoOXOAHMOCTb npHMO- 

ro xoHTaxra paooinx c npoHSBOAHinHM, 

yCTpottCTBOM (yCTaHOBXOft) , B XOTOpOM 

HsroTOBJiHeTCH cjioHCTuft MaTepHait. 
npHMeneHHe npcAnaraeMo.ro cnocoOa 
noBbimaeT npoHSBOAHTentHOCTb no 
nHTbw Ha *opMy npHMepHo ? Ha 75-150Z,- 
Tax xax Hcxjnw^aeTCH onepauHH roMO- 
"reHHsaAHH. KpoMe Toro, cnocoo* He sa 
bhcht ot BpeMeHH reneoOpasoBaHHH , 
*T«e, oTBepacAeHHe MoxeT 6biTb hhh- 
AHHpoBaHO cpaay nocne KaHeceHH* 
'MaTepHana na *opMy. OAHaxo BpeMH 
reneoOpaaoBaHHH aojdkho CbiTb ycTaHOB- 
neHo TaxHM oopasoM, iroGbi oho Ha- 
vanocb TOJibxo npn aTMOC(t>epHOM Aa^~ 

JieHHH, ' ■ 

- .- Tax xax moxho coxpaTHTb twcno 
HcnonbsyeMbDC fcopM BcneACTBHe yMeHb- 
meHHH BpeMeHH HaneceHHH, coxpama- 3J 
iotch aaTpaTW npoHSBOAHTenn Ha $opmh, 
b AonoJineHHe x 3TOMy sHaMHTentHO 
coxpamawTCH npoH3BOACTseHHbie nno- 
maflH, Ha npaxTHxe npeAnpHHTHe 
no-fipoHSBOACTBy cjiowcTprp MaTepHana 1 40 

M05KCT COXpaTHTb CBOH np OH 3 B O AC T P CH— ' 

Hue nnomaAH Ha 50Z hjik »e yBera- 

WTb ' CBOK) npoHSBOAHTeJTbHOCTb COOT- ^ 

' seTCTBeHHo na Tex *e nponsBOACTBeH- 

HblX IOTOtaaAHX. '45 

KpoMe Wo, t gxh on o thh npeAnarae-^ 
Moro cnocpfiaMoxeT owTbHcnonbSOBaita^ 

HPH HSrOTOBJieHHHKHJieft AnnnoAOK.. 
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Bee cnoHCTbie MaTepnanw MoryT 
ObiTb* BbmonHeHbi HAeHTHHHbiMH , b pe 
synbTaTe qero TomijHHa cnoHCToro 

;M8TepHana 6yAej Oonee paBHOMepHoft .. \ 
Ro HacTonmero - BpeMeHH cjioKCTwe Ma« 
TepHanw, nonyqeHHwe o6biHHMMH MeTOAa* 
mh nepepaGoTKH, mchhiotch b 3HaMHTenb-55 
hoA CTeneHH 

Ha 4>Hr. 1 npeACTaweHo ycTpoftcTBO, 

• Ann ocymecTBneHHH npeAnaraeMoro 
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cnocoCa, bha cooxy, Ha *ht. 2 - to 
me, bha CBepxIrJ Ha *Hr. 3 - cnoHCTwft 
M aTepHan,H3 cJioxHoro nonna^Hpa, yen- 
neHHoro' cTexnoBonoxHOM, b fcopMe .nepeA 
sxcnoHHposaHHeM npn aTMoefcepHOM A»b- 
jieHHH, paspes; Ha *ht."4 - to ace, 
nocne 3xcno3HiBTO npH aTMOC*epHOM 
AaBJieHHH. 

ycTaHOBxa , jjnx ocymecTBneHHH . 
cnoco6a (*Hr,1) coctoht hs Tpex ot- 
AenbHbK xawep t - 3^ saaHMHO CBHaan- 
Hbnc ^epes mrtibsw 4 - 7, KaMepw 1^3 
npH paOoTe HaxoAHTCH npH ^scwihom 
BaxyyMe ao 95%. KaMepu hmciot pa,3- 
Mepfai, nosBonHwqHe hm BtwepxaTb Han- 
pn«eHHe KacTHWoro saxyyMa. 

ITgoAecc nonyMeHHH apMHp ob aHHbnc 
nnacTHxos ocyinecTBnneTCH b xaMepe 

Pa36pbi3rHBaromee ycTpoftcTBO 8, 
cuaBweHHoe npOMbinxneHHbiM poOotom 9, 
MOHTHpyeTcn Ha moctobom KpaHe 10 
BHyrpH KaMepbi 2. EUnwsw A-7 xaMep 
1-3 OTxpuTbi h saxpbiTbi, xorAa AaBne- 
HKe HBnneTcn paBHWM c )iw6o% ctopo- 
Hbi uun03OB 4-7. B. xaMepe 2 npeAyc- 
MOTpexo npoxoAHoe oTsepcTHe T.I, 
MToSbi cAenaTb bosmojkhhm. nenpaBneHHe 
nro^oft, npoHSBOACTBeHHOH nonoMXH, 

IT'poHSBOACTBO no npej^araeMOMy 
cnoco6y Ha^iHHaeTCH c noA^oTOBXH 
4>opMbi nyTeM noMe^eHHH ee BHyrpii 
BxoAa xaMepw 1, b sto BpeMH ranips 4 
aaxpwT h xaMepa 1 OTxaMHBaeTCH jinn 
cosAanwi ^acTKiiHoro BaxyyMa, 

BcneACTBHe Toro, wto aeHTpanb- 
HaH xaMepa 2 nocTOHHHb noAAepKHsa- 
eTc'n npn k nacTHMHOM BaxyyMe, nepe- 
ropoAxa ranioBa 5, npoMe^yTo^Han Mac- 
Ay bxoaom b kaMepy 1 h po6otom 
Mower CbiTb oTxpbiTa- OopMbi aaTeM 
asTOMaTii^tecxH nepeMemawT h waMH- 
HawT onepaAHw pacnwneHHH. flo Toro, 
xaK 4opMa AocTHraeT BbixoAa mnioaa 6, 
xaMepy 3 SBaxynpyioT jjjm co3flaHHH 
oct aTo wore BaxyyMa, nocne Mero 
mnros 6 Me*Ay xanepaMH 2 h 3 otxpu- . 
BaeTCH h <feopMa nepeMemaeTcn b noc- 
jieAHrox* xaMepy 3, 3aTeM wnos 6 saicpw 
sawT h BBOflflT Tyna BosAyx npH aT-. 
MOC<fcepHOM AaaneHHH. .OTXpusawT mnioa 
7 h <J)opMy co cnoHCTbiM MaTepHanoM 
yAannroT Ann nocneAywmeft o6pa6oTXH. 

""npeAnaraeMbrii. cnocoO 3axnioMaeTCH 
b cneAyxuueM. 

KorAa (4>Hr.3), cnoKHbift nonH3<i>Hp 12 
H CTexnoBonoKHO 13 HaHocffT Ha 
*opMy lA^npn nacTHMHOM Baxyyne b 
xaMepe, ManeHbxne nystipbXH 15 npn 
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iiacTHMHQM BaxyyMe 90% ocTaiofcH 4k- 
cjiohctom MaTepHane, BosAyxcmenpoHH^ ♦ 
uaeMbift cnoft 16 AenaeT xrioOwe sepx- 

HH€ nOKpWTHH K3 JIHIDHHMH r TSK JC3K 
CT8K0BHTCH IIO/IHOCTbK) HGKJieftKHM noC" 5 

jie oTBepawemiH. Uejitio 3Toro cjioh 
HBJirteTCH npefloxpaweHHe ot hpohhkho- 
bbhka B03«yxa b CJioHCTbtft mat ep Han ♦• 

Kojfla B03AYX BXOflHT (nOKasAHO CTpeJT" 

Koft Ha ;4»ir f 4) b xaMepy 3, nyswpb- '0 

KH 15", KOtopfle HM6KJT CH B CJIOHCTOM 

MafepHaJie npH qacTHMHOM saKyyMe, 
nojtHocTBK) cxHMaioTCH, b pesyjibTaTe 
^ero noJiy^awT cjJoHCTwft MaTepH&n t . 
ocB05oameHHwtt ot B03«yxa "(*Hr,4) ♦ 15 



npeAJiaraeMwft cnoco6 oSecnevHBaeT 
nonyMeHHe yjiymuenHoro BbicoxoKattec- 
TBeHHoro oAKopoAHoro anoHCToro Ma- 
TepHana 6es bkjikh&hhH BosAyxa, Tax 
xax CnaroAapw HanwneHHio B03A?xoHe- 
npoHHuaeMoro nosepxHocTHoro cjioh 
b ycrtoBHHx BaxyyMa BosAyx b cjiokc- 
twA MaTepwaji He npoHHxaeT, nopw h 
nyswpbKH, oCSpasoBaBnwecH b xoAe 
npouecca, cpasy oceAaiOT iiocjie Toro, 
Kax CJioHCTbift MarepHaji noAseprawT 
BOSAeftcTBHfo B03Ayxa npH aTMoc<t>epHon 
AaB/ieHHH. BcneACTBHe cosaaHHJi bost 
AyxoHenpoHMuaeMoro cjioh nocjieAyiomee, 
BanbAesaHHe HBJiaeTC* hsjihiokhm. 
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[57] ABSTRACT 

A method of producing laminar structures, preferably 
consisting of fibreglass-reinforced polyester, which are 
free of air-pockets and pores, by spraying layers of the 
plastics and reinforcement fibres at a partial vacuum. 
The method may be carried out by an industrial robot. 
An airtight surface layer may be sprayed onto the lami- 
nate, whereby any pores or air-pockets collapse when 
the laminate is exposed to air at atmospheric pressure. 

6 Claims, 4 Drawing Figures 
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METHOD OF PRODUCING LAMINATES OF 
REINFORCED OR NON-REINFORCED 
THERMOSETTING RESIN IN A LOW PRESSURE 
CHAMBER 

BACKGROUND OF THE INVENTION 

The subject invention concerns a method of manufac- 
turing reinforced as well as non-reinforced thermoset- 
ting resin products, preferably products of glass-fibre- 
reinforced polyester, by building up a laminate of layers 
of synthetic resin and reinforcement fibres, if such fibres 
are used, with the aid of spraying equipment, by spray- 
ing the synthetic resin and the reinforcement fibres, if 
any, onto the wall of a mould. 

Laminates comprising polyester and glass-fibre are 
to-day produced by means of spray-application at atmo- 
spheric pressure. The method in accordance with the 
subject invention is based on controlled spraying or 
application at a partial vacuum, preferably with the aid 
of industrial robots. 

One problem inherent in spray application processes 
carried out in environmental atmosphere is that consid- 
erable amounts of air are mixed into the laminate. As a 
result, lengthy and manual working operations are re- 
quired to make the laminate more homogenous. Despite 
such working, large amounts of air still remain in lami- 
nates produced in accordance with the methods hith- 
erto used, which is the immediate cause of penetration 
of moisture into the laminate and weakening of the 
chemical and mechanical strength thereof. 

This is also to a great extent true in spray-application 
of so-called gel coat, in which case it is likewise of 
importance that this external coating is free of air and 35 
pores to prevent the above-mentioned moisture pene- 
tration and degradation. 

The method hitherto used which includes rolling to 
achieve the homogenous character, i.e. to squeeze the 
air out of the laminate, is very time-consuming and 40 
inefficient. The resulting products are uneven and 
therefore often have poor competitive ability in com- 
parison with products of wood and metal. 

In the present method of treating laminates with the 
aid of a metal roller for homogenization purposes, the 45 
fibreglass is exposed to mechanical stress which bends 
or breaks the fibres. As a result, the mechanical strength 
of the finished laminate is reduced. In addition, there is 
a marked tendency that the fibre, when exposed to hard 
and intensive rolling, will migrate to the lower portion 
of the laminate while the upper portion thereof, includ- 
ing approximately 20 to 25% of the thickness of the 
laminate, will be very rich in polyester, i.e. will have 
lower fibreglass contents. This is not desirable, as the 
mechanical qualities of the surface layer thus are re- 
duced. 

In order to reduce these time-consuming rolling oper- 
ations, there is a great deal of negligence in industry. 
For instance, in many cases layers of a thickness of 
between 3 and 4 millimeters are applied between each 60 
rolling (1 to 2 millimeters is actually recommended). 

On account of air resistance and re-circulation of air 
from the mould, the glassfibres easily rise when the 
prior-art method is used. The result is an increase of the 
partial lamination effect, giving less tensile and bending 65 
strength, a problem which most manufacturers have 
difficulties in solving when using to-day's operational 
methods. 
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Because of the phenomenon outlined above concern- 
ing re-circulation of air, it is impossible to spray com- 
plex-shaped objects, such as narrow areas and keel 
structures, with the aid of hitherto conventional meth- 
ods, both in the case of gel coat and fibreglass/polyes- 
ter. In such cases, the gel coat must be applied manually 
and the laminates be laminated by hand. This means 
prolonged working times and increased costs. 

SUMMARY OF THE INVENTION 

As mentioned before, spraying of polyester/fibre- 
glass with our without the assistance of industrial robots 
without making use of partial vacuum involves consid- 
erable disadvantages and reduces the capacity. These 
disadvantages are eliminated by the subject invention 
which concerns a method which is characterised in that 
the method is performed in a chamber which is main- 
tained at a partial vacuum and in which is enclosed the 
entire equipment for performing the method. 

The novel and particular feature of the invention thus 
resides in that the spraying is carried out in a controlled 
manner at a partial vacuum, if desired with the aid of a 
fully automated robot, which in comparison with opera- 
tional methods hitherto used gives a reduction of the 
production time to approximately 10-25% of the time 
required when using hitherto common operational 
methods. 

The operational gains which provide for improved 
economy, also give the following additional advan- 
tages: 

(a) The laminate consisting of polyester and fibreglass is 
more competitive in fields where for price reasons 
this material has not hitherto been able to compete. 

(b) Improvements in quality of the laminate obtained, as 
a consequence of the invention, bring about improved 
mechanical properties and improved resistance to 
water absorption. When the laminar structure is built 
lip with the aid of robots or by controlled spraying at 
a partial vacuum, the resulting laminates become 
satisfactorily free of air and pores. This diminishes for 
instance the costs of subsequent adjustment opera- 
tions hitherto required, 

(c) All manual work is eliminated, as the entire process 
may be carried out by automated means in sealed off 
production chambers at a partial vacuum (up to 
95%). 

(d) From an environmental point of view, the method is 
most advantageous, as the workers need not come in 
contact with the productive unit, where the laminate 
is being built up. It becomes easier to improve the 
external environment on account of the higher con- 
centration of styrene in the discharge, which im- 
proves the economical conditions for cleaning of the 
discharge. 

(e) The casting capacity per mould is increased by the 
invention by appr. 75-150% because the homogeni- 
zation operation becomes redundant. The method is 
furthermore independent on gelling times. This 
means that the curing may be initiated immediately 
after the application of the material on the mould. 

(Q Because the number of moulds in use may be reduced 
as a result of the shorter time of application, the man- 
ufacturer's expenses for moulds are reduced, in addi- 
tion to which the space savings are considerable. In 
practice, a laminate producing enterprise could re- 
duce its present space requirements by appr. 50%, 
alternatively increase their production correspond- 
ingly in the same flooring space. 
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(g) The spray method technique of the invention may be 
used for all known curvatures and indentations, such 
as e.g. for deep keel structures for boats. 

(h) All laminates may be made as good as identical, with 
the result that the laminate thickness will be more 3 
even. Hitherto, laminates produced by conventional 
working methods vary considerably. The number of 
complaints and rejections is reduced as a result of the 
possibility to produce more even laminates. 

Further characteristics of the invention will become 10 
apparent from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in more detail in the 
following with reference to the accompanying draw- 15 
ings, wherein 

FIG. 1 is a partly broken lateral view of an applica- 
tion device for performing the method in accordance 
with the invention, 

FIG. 2 illustrates a corresponding plane view, 20 

FIG. 3 is a cross-sectional view of a fibreglass rein- 
forced polyester laminate in a mould prior to being 
exposed to atmospheric pressure, and 

FIG. 4 is a view of the same laminate after having ^ 
been exposed to atmospheric pressure. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

The plant illustrated in FIG. 1 consists of three, mutu- ^ 
ally separated chambers 1, 2, 3 which are intercon- 
nected through locks 4, 5, 6, 7. The chambers 1, 2, 3 are 
in operation brought to a partial vacuum of up to 95%. 
The chambers are dimensioned to withstand the stresses 
of the partial vacuum. 35 

The application takes place in the middle chamber 2, 
wherein a spraying device 8, if desired provided with an 
industrial robot 9 (if desired mounted on an overhead 
crane 10) is positioned. The locks 4-7 of the chambers 
1-3 are opened and closed, when the pressure are equal 40 
on either side of the locks 4-7. An access port 11 is 
provided in the middle chamber 2 to make it possible to 
cure any productional breakdowns. 

The robot 9 in the middle chamber 2 is of the type 
used to-day e.g. for advanced paint spraying operations. 45 
However, it may be equipped to perform six move- 
ments instead of the conventional five. 

The robot 9 is mounted on a vertically and horizon- 
tally movable overhead crane 10. All the movements of 
the overhead crane 10 are fed into the computer unit of 50 
the robot 9 and are synchronized with the movements 
of the robot 9. As a result, a fully automated robot 9 
performing nine movements, is obtained. This construc- 
tion provides a 30% increase of the possible movements 
over any other known system and thus covers all possi- 55 
ble curvatures and working operations. 

Mounted on the robot 9 is the polyester and fibreglass 
spraying equipment 8. This equipment 8 consists of a 
machine capable of applying one or two components, 
glassfibre and polyester, and comprising a cutter means 60 
and a gel coat application machine. 

In accordance with one aspect of the method in ac- 
cordance with the invention all material components 
are required to be maintained at a partial vacuum during 
the operation. 65 

The entire raw material consumption is checked and 
corrected during the operation with the aid of the com- 
puter unit of the robot 9. 



To avoid production break-downs as a consequence 
of fibreglass breaks, two fibreglass cutting means are 
mounted on the spray gun 8, one of them being a spare. 

To check the production visually, two TV supervis- 
ing units are provided, one for detail supervision of the 
spraying operation and one for overall supervision. 

The moulds, which are provided with wheels, are 
forcibly guided onto three separate rail units which are 
independent on the locks 4-7. The moulds are conveyed 
with the aid of hydraulic cylinders, one in each one of 
chambers 1-3. Inside the middle chamber 2, the mould 
is stopped in response to an impulse signal to be care- 
fully adjusted relative to the robot 9. 

The production begins by a prepared mould being 
positioned inside the entrance low pressure chamber 1, 
whereupon the lock 4 is closed and the chamber 1 evac- 
uated to a partial vacuum. 

Because the centre chamber 2 is to be maintained 
continually at a partial vacuum, the sluice lock 5 inter- 
mediate the entrance low pressure chamber 1 and the 
robot station, i.e. the centre chamber 2, may be opened. 
The moulds are then conveyed automatically and the 
spraying operation is begun. Before a mould reaches the 
exit lock 6, the discharge chamber 3 is evacuated to a 
partial vacuum, whereupon the lock 6 between the 
centre chamber 2 and the exit chamber 3 is opened and 
the mould transferred to the latter chamber 3. The lock 
6 is then closed and air at atmospheric pressure is intro- 
duced thereinto. The lock 7 is opened and the mould 
with the laminate is removed therefrom for further 
treatment 

During the latter part of the production programme, 
the subsequent cycle is started. 

The method of building up a laminar structure of 
fibreglass/polyester is the following: 

When, as illustrated in FIG. 3, polyester 12 and fibre- 
glass 13 are applied on a mould 14 at a partial vacuum, 
small pores 15 at a partial vacuum of 90% are trapped in 
the laminate. When using prior-art methods, these pores 
contain air at ordinary atmospheric pressure. 

When the desired laminate thickness has been ob- 
tained, a preferably air-tight finishing layer 16 is 
sprayed oa This layer makes any topcoats superfluous, 
as it becomes completely non-sticky after curing. The 
purpose of this layer is to prevent air from penetrating 
into the laminate, when the air is let in (indicated in 
arrows in FIG. 4) into the low pressure chamber 3. The 
bubbles which are at a partial vacuum in the laminate, 
are then compressed entirely, whereby a satisfactorily 
air-free laminate is obtained, as illustrated in FIG. 4. 

The invention is not limited to the embodiment as 
illustrated and described, as many modifications are 
possible and open to the expert within the scope of the 
appended claims. 

What we claim is: 

1. An improved method of manufacturing thermoset 
products such as products of fiberglass-reinforced poly- 
ester, by building up a laminate layer by spraying resin 
onto the wall of a mould with the use of spraying equip- 
ment, comprising the steps of positioning the mould in a 
chamber for performing said method in the chamber, 
maintaining said chamber at a partial vacuum, spraying 
the resin on the mould in the chamber while the partial 
vacuum is maintained, the entire equipment for per- 
forming said method enclosed inside chamber, spraying 
an airtight surface layer onto said laminate to prevent 
penetration of air, and subsequently exposing the mold, 
laminate and surface layer to atmospheric pressure for 
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3. The improved method according to claim 1, corn- 
collapsing any pores and bubbles formed in said lami- prising effecting the build-up of said laminate by manual 

nate during the process immediately upon exposure of to claim 1. corn- 

said laminate to air at atmospheric pressure following 5 prising the further step of feeding said mould into said 

low pressure chamber via an inlet lock chamber, 
said laminate build-up. 5. The improved method according to claim 1, com- 

2. The improved method according to clain, 1. con,- ^p^cS^ ttS&SZE. 



saaa low pressure vuuuim vu» «i uuuc*. 
prising controlling said spraying equipment by means of 10 6. The improved method according to claim 1, com- 

prising operating inside said chamber at a partial vac- 
a computer-operated robot, said robot mounted on an j^^J M low ^ 

overhead crane. 
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